Abstract
Mass fluxes of ZnSe by physical vapor transport (PVT) were measured in the temperature range of 1050 to 1160°C using an in-situ dynamic technique. The starting materials were either baked out or distilled under vacuum to obtain near-congruently subliming compositions. Using an optical absorption technique Zn and Se, were found to be the dominant vapor species. Partial pressures of Zn and Se 2 over the starting materials at temperatures between 960 and 1140°C were obtained by measuring the optical densities of the vapor phase at the wavelengths of 2138, 3405, 3508, 3613, and 3792 A. The amount and composition of the residual gas inside the experimental ampoules were measured after the run using a total pressure gauge. For the first time, the experimentally determined partial pressures of Zn and Se 2 and the amount and composition of the residual gas were used in a one-dimensional diffusion limited analysis of the mass transport rates for a PVT system. Reasonable agreement between the experimental and theoretical results was observed.
Introduction
Zinc selenide (ZnSe) has been studied extensively in the last several years because of its potential for advanced opto-electronic applica- 
where P is in atm and T in K. A quantity a(L), defined as Pzn(L)/Psc,_(L), measuring the stoichiometry of the vapor over the source material, was used together with Eq. (l)to calculate Pz, (L) and Psc,(L) at the source temperature, T(L).
Then Pzn(0) and Pse2(0), the partial pressures at the deposition region, were solved using PT -_ pz.(0) + ps_0) = Pzn(L) + PSez(L) and Eq. (1) at the deposition temperature, T(0). The mass flux was calculated by setting x = 0 in the following equation [6] ,
where D is the binary diffusion coefficient, R the gas constant, and T_ the average temperature. The calculation of the binary diffusion coefficient was outlined in Ref. [13] . [14] : 
Diffusit'e transport in the presence
In view of the fact that the vapor was not saturated with either element due to the heat treat- were solved from Eqs. (3) and (4) with x = 0, Eq.
(1) at a given T(0), and PT --
Finally, the average residual vapor pressure can be calculated as
where Pz(x) can be obtained by rearranging Eq. were then converted to the mass transported during the run using the dimensions of the ampoule/lever assembly. These mass data were plotted versus time and the mass flux was obtained from the slope of the curve. For most of the runs a few different temperature settings were used in order to determine the dependence of the mass flux on the source temperature.
Partial pressure measurements
The partial pressures of the constituent elements coexisting with ZnSe solid were measured using an optical absorption technique [15] . = -81520 + 42.04T.
The measured values of a = Pz,/Pse: range from 2.9 between 1350 and 1410 K to~7 at~1250 K. Samples from two transport experimental ampoules were reloaded into the optical cells, and the partial pressures were also measured and the corresponding a-values used as references in the theoretical calculation.
Since the reloading procedure could cause a preferential loss of the excess species due to the condensation on the ampoule wall during cool-down of the transport experiment, the a-values measured could be closer to 2 than those in the original ampoule.
The details of the partial pressure measurement will be published elsewhere.
Residual _'apor pressure measurement
The amount of the residual gas in the transport experiment ampoules was measured using a total pressure gauge (barocel). The technique and the apparatus used were described in Ref. [11] . An L-shaped tip was fabricated on the side of several experiment ampoules.
After the transport experiment the ampoule was placed in the measuring chamber and was slid so that the tip was struck by an obstacle and broken. The original pressure of residual gas in the ampoule was calculated based on the chamber-to-ampoule volume ratio. The composition of the residual gas was determined by selectively freezing out the gas components using a cold finger which was cooled to predetermined temperatures with appropriate cold bath mixtures [11] . due to that of the diffusion of the minority species whose partial pressure at T(0) becomes very low at a certain AT-value. A further increase in AT does not produce much change in the partial pressure and therefore cannot effectively increase the transport rate. In principle, a source material with an o_-value either higher than 8 or lower than 0.5 could result transport rates which are 2 or more orders of magnitude lower than the highest values shown in Fig. 2 of AT---T(L)-T(O) for various values of a(L). Table 1 lists the molecular parameters used for computing the binary diffusion coefficients. As the source material approaches congruent sublimation, or a(L)= 2.0, the mass flux increases rapidly. Fig. 2 also shows that the mass flux reaches an upper limit at AT---30°C for rather non-congruently subliming vapor and this AT reduces when a(L) is closer to 2.0. This is because the AT-dependence of the mass flux is mainly 
Results and discussion

In the presence of a residual gas
Experimental results
A series of transport experiments was performed using the in-situ dynamic technique described in Section 3.2 and the results of the mass flux are plotted in Fig. 4 A theoretical curve, calculated with AT = 18°C, Pz = 0.008 atm, and a(L) = 2.7 -the lowest value obtained from the equilibrium partial pressures measured over two starting materials, is also plotted in Fig. 4 
